Objective: Prevalence of depression and anxiety increases following cardiac revascularization. The aim of this study was to examine the effects of a cardiac rehabilitation program on psychological status of patients after cardiac revascularization.
C oronary revascularization is the only effective way to reestablish blood and oxygen supply to the ischemic myocardium for the purpose of improving symptoms and/or survival of patients with coronary artery diseases. [1] A report from the Cath PCI Registry of the National Cardiovascular Data Registry revealed that approximately 1 million people underwent percutaneous coronary intervention (PCI) in the United States between 2010 and 2011. [2] Although the number of surgical revascularizations has decreased over the past decade, approximately one-half of that population underwent coronary artery bypass grafting (CABG) in a 1-year period. [3] As many as 66% of patients hospitalized for acute coronary syndromes (ACS) have mild depression. [4] Prevalence of mood disorders reaches 30-40% among patients undergoing surgical revascularization. [5] Compared with prevalence of depression (5-6%) in the general population, [6] more patients suffer from this mood disorder following coronary revascularization. Approximately 20% of patients cared for by an inpatient cardiology service have depressive symptoms, but approximately one-half have shown spontaneous improvement at 2 weeks post-discharge. There is, however, the same percentage of new-onset, postdischarge depression. [7] Additionally, among psychosocial factors, anxiety and depression are associated with increases in both short-term and long-term mortality and morbidity after coronary revascularization.
While antidepressant medications and interpersonal psychotherapy have failed to show any beneficial effects, cardiac rehabilitation programs have been shown to improve depressive symptoms in cardiac patients. [8] It is likely that exercise training is helpful in the management of depression among cardiac patients. In this study, we offered an intensive rehabilitation program to patients undergoing coronary revascularization by means of PCI or CABG and evaluated their psychosocial status with a brief mood survey examining depression, anxiety, panic state, and coping difficulty before and after this rehabilitation program. Primary endpoints of this study were changes in cumulative brief mood survey scores following the cardiac rehabilitation program. We hypothesized that post-revascularization rehabilitation improved the mood of patients following PCI or CABG.
METHODS
Study protocol and informed consent agreements were reviewed and approved by the institutional review board of Tabriz University of Medical Sciences. Patients signed an informed consent after being fully informed of the research protocols. A total of 120 patients who underwent either percutaneous or surgical coronary revascularization, either following an acute coronary syndrome or in order to treat a stable coronary occlusive disorder, from March 2011 through February 2012 were enrolled in the study.
Brief mood survey
All patients with known diagnosis of depression and/ or on antidepressant treatments were excluded from the study. Patients with dementia and neurocognitive disorder who were unable to complete the survey were excluded, as were those who refused or were incompetent to sign an informed consent. Prior to commencing rehabilitation program, all patients were interviewed by a psychologist, and the brief mood survey [9] regarding presence and severity of symptoms of depression, anxiety, panic disorder, and difficulty in adapting to new changes was completed. Survey included 5 questions, and patients were graded based on spectrum of symptoms, from 0 as "no symptom" to 4 as the most "extreme." Total sum of scores was added to 20, and scores of 15 or higher were considered clinically significant. In addition, patients were asked to evaluate level of satisfaction with their relationships with spouses or significant others. This section of the survey also included 5 questions and was graded from 0-6. Higher scores in this section indicated higher levels of satisfaction and maximized at 30 total. The survey was first administered by the interviewing psychiatrist 2 weeks after revascularization and was readministered 1 week after completion of rehabilitation program.
Cardiac rehabilitation protocol
All patients were asked to participate in an 8-week cardiac rehabilitation program after completion of brief mood survey. This program included a series of graded exercises administered by a board-certified rehabilitation medicine specialist at Tabriz Heart Center. During initial visit, patients were examined for level of cardiovascular fitness. Level of physical exercise was determined in order to maintain 80% target heart rate. Exercises included a series of isotonic and isometric exercises performed for 1 hour a day, 3 days per week. All sessions were supervised by a certified cardiac rehabilitation technician. Each patient was also consulted and educated about cardiac risk factors and impact of lifestyle modifications on cardiac diseases. Consultations for diet and lifestyle modifications and smoking cessation, psychological consultations, and education regarding the nature of cardiac diseases were performed.
Statistical analysis and data management
All demographic, anthropometric, and surgical/procedural data were entered into a Microsoft Excel worksheet and transferred to an SPSS data sheet. SPSS software (version 18.0; SPSS Inc., Chicago, IL, USA) was used to perform all statistical analyses. Changes in scores of each mood survey category before and after rehabilitation program were the primary endpoint. Changes ±2 in brief mood survey scores were considered clinically significant. Cumulative survey scores were 9.6±5.6 prior to rehabilitation. A power analysis was performed using the mean difference of 30% (post-pre/pre *100) in cumulative scores considered to be significant. Analysis revealed that a minimum of 98 patients needed to be examined as paired analyses to produce a power of 0.80. Preand post-rehabilitation scores were compared using paired t-tests. Multivariate regression analyses were performed for factors with historical association with 
RESULTS
A total of 120 patients who underwent cardiac rehabilitation following coronary revascularization from March 2011 through February 2012 were enrolled. Ninety-five patients (79.2%) were male, the remain- Changes in survey scores from -2 to +2 were considered as no change.
an improvement in depressive symptoms, while 65 patients (54.2%) reported no change, and only 1 patient (0.8%) reported worsening of these symptoms. Anxiety was improved in 58 patients (48.7%), did not change in 58 patients (48.7%), and was exacerbated in 3 patients (2.5%). Table 3 depicts these changes in all components of brief mood survey and relational satisfaction. Mood score changes associated with rehabilitation after coronary revascularization in patients with ACS and in those who underwent revascularization for chronic stable angina are shown in Table 4 .
Linear regression analyses of changes in depression scores were performed, including age, gender, and history of myocardial infarction (MI), but none were identified as independent variables predicting changes in depression scores after cardiac rehabilitation. Anxiety, smoking, type of revascularization, and presentation with ACS were included in multivariate linear regression model because of their lower p values in univariate analyses (p <0.015). Smoking was identified as an independent factor. Patients who were active smokers had significantly smaller decreases in their anxiety score after cardiac rehabilitation (B: 3.53, 95% CI -6.13 to -0.921; p=0.009). In terms of tion. A total of 110 patients (91.7%) were favorably satisfied with their relationships. Upon completion of rehabilitation program, the number of patients with depressive symptoms decreased to 13 (10.8%; p=0.002). Similarly, the number of the patients with anxiety decreased to 11 (9.1%; p=0.012), the number of patients with panic disorder decreased to 7 (5.8%; p=0.014), and the number of the patient with difficulty in adaptation decreased to 13 (10.9%; p=0.0002). At the same time, more patients were satisfied with their relationships after completion of rehabilitation program. A paired analysis of pre-and post-rehabilitation scores indicated a significant reduction in all categories of depression, anxiety, panic, and difficulty in adaptation, as well as a rise in relational satisfaction scores (p<0.001; Table 2 ).
When degree of changes was adjusted according to >2-point decrease or increase of post-rehabilitation scores from respective pre-rehabilitation values, patients were divided into 3 groups: 1) those reporting an improvement; 2) those reporting no significant changes; and 3) those reporting worsening of symptoms of depression, anxiety, panic, and difficulty in adaptation. A total of 54 patients (45.0%) reported Table 4 . Mood score changes associated with rehabilitation after coronary revascularization in patients with acute coronary syndrome and myocardial infarction perception of danger, and in more severe forms it may result in panic states that generally block the subject from perceiving and organizing other environmental sensory inputs. Many individuals consider a coronary event as a warning that their life will end, their activity levels will be limited, or, at the very least, that their lifestyle will be affected. [14] As with any of life's stressors, coronary events may cause transient sadness and apprehension. Persistence of these reactions in these patients leads to development of general anxiety and/or depression. [15] Thoughts of reinfarction or sudden death are anxiety-provoking after acute coronary events. In more severe cases, they may even manifest as panic attacks.
Depression is a common response to past tragedy, and anxiety is the most commonly expected response to an unknown or uncertainty. Dealing with prolonged anxiety generally leads to development of depression. [16] Although the observation of depression and anxiety is not novel among patients following acute coronary events and among those who require coronary intervention for ischemic heart diseases, [17] it is important to note that conventional treatment of depression and anxiety has not been effective in decreasing depression-associated morbidities, and has not improved the clinical outcome of these patients.
Our findings confirm higher prevalence of depression and anxiety among patients undergoing revascularization procedures. Despite a higher overall prevalence of depression in women and a report by Mitchell et al. describing women as being at higher risk of developing depression after CABG, [6, 18] our data has failed to show any increased occurrence of depressive symptoms in female patients after coronary revascularization, as approximately a quarter of both male and female patients had depression. Reported in a recent news release from the American College of Cardiology, Samad and her colleagues at Duke University studied 254 men and 56 women with stable heart disease. They observed that hypercoagulability increases and blood flow to the myocardium decreases more often in women in response to stress. This observation underscores gender differences in handling stressful and emotional stimuli associated with cardiovascular diseases that may lead to anxiety. [19] In contrast to others, we failed to show any difference in the frequency of anxiety, depression, panic symptoms and coping issues between patients who relational satisfaction, panic, and difficulty in adjustment, multivariate regression analysis was not performed, as none of these factors had a p value <0.15 in univariate analysis.
DISCUSSION
Enrollment of patients after major cardiac event in various rehabilitation programs has been associated with early recovery and reduced rates of readmission to hospital. [10] In addition to physical recovery, there was significant psychological improvement in patients enrolled in cardiac rehabilitation programs after coronary events. [11] Results of the present study indicate that cardiac rehabilitation improves psychometric parameters of patients following coronary revascularization. These patients are at increased risk of depression and anxiety disorders, compared to the general population.
This observation is confirmed by the results of the present study, which also demonstrate that improvement of psycho-behavioral symptoms occurs uniformly among men and women, regardless of patient age and type of revascularization.
The brief mood survey used in this study has been widely administered in both clinical and research practices, and has been validated by others. [8, 9, 12, 13] In spite of its simplicity, it provides an important insight into presence and severity of symptoms of depression, anxiety, panic state, and difficulties in coping and adaptation. In a more recent publication, Cronbach's α scores of this tool for anger, anxiety, and depression subscales were 0.82, 0.85, and 0.90, respectively. [13] The survey includes a 5-item relational satisfaction scale that demonstrates good convergent and discriminate validity with a Cronbach's α score of 0.97. [9, 13] One of its advantages is that it can be used and administered by any health professional. However, we confirmed our findings with a specialist in psychiatric medicine to avoid any erroneous interpretation of findings. Additionally, this survey can be administered repeatedly to a single patient in order to monitor progress or improvement of symptoms related to anxiety and depression, though it should not be administered more than once a week.
Anxiety and depression usually go hand in hand, and the presence of one condition may lead to the other. Anxiety is a state that one experiences during a precipitate anxiety and/or depression in both partners, and ultimately lead to relational dissatisfaction. [25] Successful completion of a cardiac rehabilitation program may reassure patients that some of these fears are unfounded, and improve their sexual lives and relationships with partners.
A limitation of the present study is that it lacked a control group. It would have been useful to reevaluate psychological status of a group of post-revascularized patients who did not undergo exercise training in order to examine potential effects of passage of time on psychological status.
Conclusion
The data of the present study suggests that cardiac rehabilitation significantly improves psychological state of patients after both percutaneous and surgical coronary revascularization. Programs mitigate symptoms related to depression, anxiety, and panic disorder, while enhancing adaptation and significantly improving levels of relational satisfaction after CABG and PCI.
were revascularized following ACS and those who were revascularized due to elective chronic myocardial ischemia. Similarly, we were unable to show any difference between the psychological states of patients who suffered from MI and those who were revascularized for angina symptoms without evidence of myocardial tissue loss. This lack of difference could be due to the fact that many of our patients were not aware of the extent of their myocardial damage.
Moreover, as in most studies that have examined the incidence of depression or anxiety after MI, the present study lacked information regarding psychological state of patients prior to coronary event. Therefore, it is very difficult, if not impossible, to differentiate between preexisting anxiety or depressive symptoms and those that have been precipitated by the most recent coronary event and/or coronary revascularization. A thorough psychological history of patients will be able to partially address this limitation. It is quite possible that recovery and improvement noted following cardiac rehabilitation will be meager among patients who had suffered from these symptoms chronically, independent of their coronary events.
Tully et al. demonstrated that in patients with clinical depression or anxiety, the incidence of delirium increases after cardiac surgery. [20] Rafanelli et al. showed that risk of future cardiac events increases within 8 years following CABG surgery in patients with minor depressive symptoms, compared to those who do not report similar symptoms. [21] Non-adherence to medical treatment is about 2.8 times more common among cardiac patients with depression, compared to non-depressed patients. [22] This lack of patient compliance may contribute to the observed risk of cardiac events.
Relational satisfaction was a major component of the brief mood survey and was examined in our patient population. Overall, regardless of gender, our patients reported a significant improvement in relational satisfaction. Several factors may affect relational satisfaction among patients suffering from coronary events. Chronic erectile dysfunction has been reported in men following use of beta-blockers and several other medications used to treat cardiovascular diseases. [23, 24] Fear of inadequate sexual performance, presence of angina symptoms during sex, or fear of reinfarction and sudden death during intimacy may
